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ABSTRACT 



HISTORIC BLUFF RECESSION ALONG THE LAKE ONTARIO COAST, NEW YORK 



by Thomas Drexhage and 
Parker E. Calkin 

Department of Geological Sciences 
State University of New York at Buffalo 



Coastal erosion along lakes and oceans significantly affects coastal 
activities, resources, and property values. Conservation of coastal resources 
requires effective methods for controlling erosion. At this time, however, 
amounts or locations of coastal erosion cannot be precisely predicted. 
Experience shows that attempts to control natural forces (such as erosion) 
based on partial knowledge are sometimes disastrous. Therefore, scientists are 
trying to establish a workable model of the forces (for example, wind, waves, 
sediment size, topography) involved in natural erosion before attempting large 
experimental projects in erosion control. This paper measures and analyzes one 
component of coastal process: bluff recession. We measured rates of bluff line 
recession at 250 sites in six counties along the coast. Long-term recession 
rates were determined for the 99-year period from 1875 to 1974 by comparing a 
1675 Corps of Engineers Lake Survey with US Army Corps of Engineers aerial 
photographs taken in 1938 and in the 1950s. Mean short-term rates were 
generally 100 percent higher than mean long-term rates; at 15 sites, more than 
90 percent of the recession occurred during the short term. Short-term 
recession rates ranged from 0.0 to 3.7 m (0.0 to 12.1 ft) per year; the mean 
short-term recession rate was 0.8 m (2.6 ft) per year. Long-term recession 
rates ranged from 0.0 to 1.3 m (0.0 to 4.3 ft) per year; the mean long-term 
rate was 0.4 m (1.3 ft) per year. To help establish a model of bluff 
recession, we compared long-term recession rates with field data on bluff 
height, bluff composition, bluff orientation, beach width, beach material , 
beach slope, and bluff face slope. This comparision yielded the following 
conclusions : 

• Bluffs greater than 6.1 m (20 ft) high have the highest mean 
recession rate. 

• Bluffs composed of clayey/silty till have higher recession rates 
than bluffs composed of other materials. 

• Areas of the coast that face northwest have the highest recession 
rates. 

• Wide beaches have a significant positive correlation with high 
bluff recession. 

• Bluffs fronted by cobble beaches may have the highest recession. 
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BACKGROUND 



Introduction 

Lake Ontario was formed approximately 11,000 years ago (Prest 1970). 
Since then the south coast of the lake has undergone constant erosion. 
Cartographic and photographic records compiled over the past 100 years 
document the loss of land that has been taking place at varying rates and 
intensities along the shore, causing major difficulties for coastal 
landowners. However, there has been little or no analysis undertaken on the 
areal distribution or intensities of erosion: when erosion is highest, why it 
takes place, and what losses can be expected in the future. 

Levels of Lakes Erie and Ontario reached record highs between 1973 and 
197 6 resulting in accelerated recession of their bluffs as well as extensive 
flooding and changes in sedimentation patterns at embayments . This, together 
with the paucity of scientific information on the Great Lakes in New York, was 
a stimulus for a study of the over 400 km (250 mi) of coast begun in 1973 at 
the State University of New York at Buffalo. Researchers at SUNY colleges at 
Cswego, Brockport, Geneseo, and Fredonia, and from Syracuse University, have 
also contributed to this pro ject . The basic goal and direction of the project 
has been: (1) to establish baseline geologic information on bluff composition, 
mechanics, and rates of bluff failure and erosion along the coasts of Lakes 
Erie and Ontario, and (2) to measure the sediment contributions from bluff 
erosion and stream flow to the lakes and to analyze the beach and nearshore 
sediment movement at selected embayments. 

This study was undertaken to determine the historic rates of recession 
along the New York coast of Lake Ontario; how they are distributed spatially 
and temporally; and to attempt to isolate some of the factors that influence 
local differences in recession rates. With this information coastal areas can 
be accurately defined for the benefit of coastal planners as well as private 
landowners . 

Our analysis involved making erosion measurements along 279 km (173 mi) 
of coast, stretching from the mouth of the Niagara River to North Pond at the 
eastern end of the lake (Figure 1). Six counties are in the study area: 
Niagara, Orleans, Monroe, Wayne, Cayuga, and Oswego counties. Coastal problems 
along Lake Ontario are usually dealt with in terms of county boundaries. Since 
physiographic variations between counties are sometimes great, each county 
will be considered in detail. 

Refer to the glossary on page 117 for definitions of terms. 
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Geolog y of the Study Area 



Continuous bluffs 4 to 18 m (13 to 59 ft) high occur along the coast from 
the Niagara River to Hamlin (Figure 2). This region consists of relatively 
staooth lake plain with most relief due to postglacial stream dissection. From 
Hamlin to Irondequoit Bay, drumlins of till up to 30 m (98 ft) high separate 
low wetlands fronted by barrier beaches. Bluffs are generally less than 1.5 m 
(4.9 ft) high and good exposures of bluff material are few. From Irondequoit 
Bay to Sodus Bay the coast consists mainly of bluffs 4 to 8 m (13 to 26 ft) 
high, reaching maximum heights of 18 m (59 ft). Eastward from Sodus Bay to 
Oswego, bluffs up to 38 m (125 ft) high are cut in drumlins with lower bluffs 
and wetlands between (Figures 2 and 3). Few drumlins reach the coast between 
Oswego and Selkirk where hummocky till and ice contact stratified drift, 
modified by post-Iroquois lake stages (above present lake level), form most of 
the surface. The eastern coast consists primarily of sand beaches greater than 
24 m (79 ft) wide and partially stabilized duns complexes fronting ponds and 
inlets. 

Lake Ontario is the smallest of the Great Lakes in surface area 
approximately 19,000 km (7,336 mi ). It fills a glacially scoured basin of an 
average depth of 85 m (279 ft) and a maximum depth of 245 m (804 ft) below the 
low water datum of 74.01 m (242.3 ft), above mean sea level (International 
Joint Commission 1972 ). The long axis of the lake trends east-west, parallel 
to the strike of the bedrock exposed along the coast. 

A sequence of Middle and Upper Ordovician sandstones, siltstones, and 
shales underlies the 3tudy area. This forms a major homocline striking 
east-west and dipping southward approximately 7.5 m/km (40 ft/mi). The rocks 
include, from oldest to youngest, 61 to 183 m (200 to 600 ft) of red shale and 
sandstone of the Queenston Shale formation overlaid by up to 290 a (951 ft) of 
units of the Loraine Group including the Oswego and Pulaski sandstones, and 
siltstone of the Whetstone Bluff Formation (Fisher 1977). The Queenston Shale 
crops out discontinuously between the Niagara River and Southwest Oswego, with 
the longest continuous exposure near Thirtymile Point (Figure 2). In this 
region the Queenston consists of red to dark red, laminated, fine- to very 
fine-grained sandstone, siltstone, and shale, becoming coarser in an easterly 
direction (Kindle and Taylor 1913; Fisher 1966). Members of the Loraine Group, 
principally the Oswego and Pulaski sandstones, underlie the region from Oswego 
eastward. These are gray to dark gray, medium- to fine-grained sandstones. 
Exposures are intermittent, but occur principally near Ninemile Point (Figure 
L-58). 

Small anticlinal folds with axes roughly parallel to the regional dip 
appear to form many of the points of land projecting into the lake. In 
addition, researchers have documented tight anticlinal structures of less than 
10 m (3 3 ft) amplitude near Thirtymile Point (Figure 2) and west of Olcott 
(Gilbert 1899; Kindle and Taylor 1913). Kindle and Taylor also described small 
faults in the same region (1913). The well known Clarendon-Linden Fault: 
crosses the study region near Hamlin Beach State Park (Figures L-24, 25) in 
Monroe County (Chadwict 1920; Hutchinson et al 1979). 

Overlying the bedrock in the study region are Pleistocene glacial 
deposits of late Wisconsin age (Muller 1977a; Calkin, in preparation). The 
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bluffs along the Lake Ontario coast provide one of the most interesting and 
continual displays of glacial drift in the northeast. A simplified 
stratigraphic section would include, in stratigraphic order (Calkin, in 
preparation ) : 

• an upper unit consisting variably of glaciolacustrine sand, silt, 
or clay; 

• an underlying silty gray till with an upper waterlaid facies; and 

• a lower, compact, red stony and/or sandy till. 

The thickness and extent of these units is variable along the coast and 
the Pleistocene glacial stratigraphy may be locally complex. Figure 2 shows 
the vertical and linear extent of these units in bluff exposures. Exposures of 
the individual units is often discontinuous and variability within them is 
great. The following researchers have attempted to correlate these units: 
Calkin, Brennan, and Adams (1976); Solomon (1976); Calkin, Drexhage, and 
Brennan (1978); Brennan (1980); Calkin (in preparation). 

The region lies within the plain of glacial Lake Iroquois, a much higher 
lake than the present Lake Ontario, which was dammed by the receding Wisconsin 
ice margin on the north. Formation of Lake Iroquois started approximately 
12,400 years before present (BP) (Muller 1977b; Calkin and Brett 1978). Lake 
Iroquois drained to a lower stage between 11,000 and 12,000 BP before reaching 
the present level (Prest 1970; Rarrow et al 1975). Evidence for several 
post-glacial lake stages in the Ontario basin has been presented by various 
researchers including recent studies discussed by Prest (1970); Sutton, Lewis, 
and Woodrow (1972); Muller (1977b); Gorman, Frape, and Johnston (1978). 

Previous Work 

Coastal recession of the Great Lakes lends itself to qualitative and 
quantitative studies. Researchers in this area include: Davis, Siebel, and Fox 
(1973); Gelinas and Quigley (1973); Berg and Collinson (1976); Carter (1976); 
Siebel, Armstrong, and Alexander (1977). However, only a few researchers have 
treated the New York coast of Lake Ontario. The US Army Corps of Engineers 
(1945, 1954, 1955, 1970, 1973) has undertaken most of the work here. The first 
four of these references deal mainly with specific areas and problems of beach 
erosion. However, the 1973 study is more comprehensive, including shoreland 
use and classification along the entire New York coast. Palm (1975) assessed 
erosion rates and recent high water damage along the coast of Oswego County. 
Computing rates for the 1938-1974 period, he used a method of comparing bluff 
positions on air photos different from that of this study. There have been no 
published studies involving determination of rates for longer periods. 



THE PROJECT 



Methods and Procedures 



Re ce ss ion Measurements 

Our study used two methods of measuring recession: one involved 
determining short term changes over a 13- to 17-year period; another obtained 
changes over a 99-year period. For measuring short-term changes, we referred 
to two sets of photographs from the US Department of Agriculture: one set 
taken in 1938 and another between 1951 and 1955. A Bausch and Lomb optical 
micro-rule enabled us to directly measure distances between fixed points on 
land and the bluff line (Figure 4). We indicated places where we took 
measurements on the most recently available US Geological Survey (USGS) 7.5 
minute topographic maps (Table 1). We next computed distances along the east 
side of a convenient road leading to the shore from a road intersection to the 
bluff line (Figure 4). When there was no road available leading to the shore, 
we substituted farm, field lines, or other recognizable lines as a baseline. 
Since the micro-rule contains a built-in straight line, our baseline consisted 
of any two landmarks aligned perpendicular to the bluff and identified on both 
sets of photographs. We then measured the distance from a landmark to the 
bluff line. 

According to the scale of the photographs, we converted the distances 
determined from coincident points on the two respective photographs to true 
distances in meters. Our next step was to determine the difference between 
distances and divide it by the number of years between photographs to give a 
mean recession rate at that point. 

The average scale of the 1938 and 1950s photos was about 1:20,000. In the 
scale or time period conversions, we accounted for small differences in scale 
on the photos due to flight height changes and varying dates of flight that 
would affect the recession values. 

We determined long-term changes through the use of 22 1874-1875 US Army 
Corps of Engineers Lake Survey sheets which used together covered the coast at 
a scale of 1:10,000 (Chief of Engineers 1874 and 1875). We used these with the 
1974 US Army Corps of Engineers aerial photographs at a scale of 1:9,000. From 
the 1875 maps we traced the bluff line onto a transparent overlay. We then 
projected and traced the bluff line from the air photos to scale on the 
overlay using a Saltsman Overhead Projector. Sufficient development of the 
Lake Ontario coastal area by 1875 made correlation with present landmarks for 
scale matching relatively easy. We transferred sites with short-term 
measurements from the topographic maps onto the overlay and then converted the 
recession rate for the 1875-1974 period at these points. 



TABLE 1 

List of US Geological Survey topographic maps used in this study 

Name of quadrangle Sites included Year compiled 

Ft. Niagara, NY - Ontario 1-11 1965 

Sixmile Creek, NY 12-31 1973 

Wilson, NY 32-53 1965 

Newfane, NY 54-59 1965 

Barker, NY 60-72 1965 

Lyndonville, NY 73-85 1951 

Ashwood, NY 86-95 1950 

Kent, NY 96-103 1951 

Kendall, NY 104-108 1951 

Hamlin, NY 109-119 1971 

Hilton, NY 120-i29 1971 

Braddock Heights, NY 130-137 1971 

Rochester East, NY 138-143 1971 

Ninemile Point, NY 144-159 1971 

Furnaceville, NY 160-173 1952 

Pultneyville, NY 174-182 1952 

Salmon Creek, NY 183-197 1952 

Sodus Point, NY 198-203 1953 

North Wolcott, NY 204-209 1953 

Fair Haven, NY 210-214 1954 

West Ninemile Point, NY 215-218 1954 

Oswego West, NY 219-226 1954 

Oswego East, NY 227-230 1954 

West of Texas, NY 231-238 1955 

Texas, NY 239-245 1955 

Pulaski, NY 246-250 1954 
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Erosion Volumes 



We calculated the erosion volumes using the method illustrated in Figure 

5. The following formula calculates the volume of eroded material (Siebel et 
al 1977): 

Mean Length of Mean Recession Annual 

Bluff x Shore of x Rate of - Erosion 

Height County County Volume 

O) (m) (m/yr) (m 3 /yr) 

This next formula determined the mean bluff height for each county: 

Zl^ h i Mean 



Bluff 



Sl i Height 

where ^ = reach length in meters and hj = mean bluff height of reach in 
meters as taken from data presented by Siebel and associates (1977). 



Field Study 

During summer 1977 we undertook field work to correlate geologic and 
geographic factors at the various sites with our laboratory-determined 
recession. During five days of investigation we gathered data at 101 sites 
along the coast. Our intention was to clarify whether some types of bluffs are 
more susceptible to erosion than others and to determine which areas are of 
critical importance in terms of land use and recession rate. We recorded the 
following information in the field: degree of fracturing, height of bluff 
above the water level, vegetation, composition, orientation, beach type, beach 
width, beach slope, and bluff face slope. 

We chose these parameters because of their probable influence on recession 
rate and because they were easily obtained in the field. With the help of a 
preprinted data sheet two workers were able to gather data in about five to 
ten minutes after reaching each site. Workers also photographed each site for 
documentation. 

Some of the critical dimensions that we could not evaluate in the time 
available for this study included: lake level, offshore slope, wave fetch, and 
sheer strength of the bluff material (Quigley and Tutt 1968; Davis et al 1973; 
Great Lakes Basin Commission 1975). 



Other Determinations and Methods 

Land Use . We obtained land use percentages within each county from the US 
Army Corps of Engineers National Shoreline Study (1973). Where no actual 
figures were available, we interpreted land use from the shoreland use maps 
included with the study. Next, we measured the length of shore for each land 
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use type (commercial, agricultural, residential) in each county and divided 
this value hy the length of shore in that county. Then, we converted the 
values to percentages. 

Nearshore Slopes . Depth contours indicated on the USGS topographic maps 
provided the nearshore slopes (Table 1). We measured the distance from the 
shoreline out to the 9.1 m (30 ft) depth contour to the nearest 0.5 mm (0.02 
in) at each site. Following this, we calculated the slope in feet/mile and 
converted the value to meters/kilometer. We determined slopes along the same 
orientation (azimuth) as recession measurements at each of the sites. 



Recession Categories 



Tables 4, 7, 11, 15, 19 and 23 list the recession rates as follows: 

very slow <0.3 m/yr (<1 ft/yr) 

slow 0.3 to 0.6 ra/yr (1 to 2 ft/yr) 

moderate 0.6 to 0.9 m/yr (2 to 3 ft/yr) 

fast 0.9 to 1.2 m/yr (3 to 4 ft/yr) 

very fast >1.2 m/yr (>4 ft/yr) 

This grouping method probably yields the most realistic picture of the data. 
Limitations of the measuring technique may cause small differences in 
recession rate. 



Limitations 

Sel ec t ion of Meas _ur ing Sites . The available air photo coverage limited 
the selection of sites for determining short term recession rates. Flight 
lines for the 1936 and 1950s photographs ran north-south yielding an overlap 
in photo coverage along the field. The location of the recession sites in the 
center area of the photograph served to minimize scale distortions. Also 
limited was the selection of measurement sites to the location where landmarks 
had not changed during the interval between photos. For example, in 
undeveloped wooded regions we encountered difficulties in finding landmarks 
that had not changed. Thus, we had to space the measurement sites farther 
apart and the recession sites are unevenly distributed along the coast. The 
amount of land included in each single photo print was also a factor in 
measurement. If the photo included only a narrow coastal band, we found it 
difficult to find roads parallel to the bluff that could be used as landmarks 
for measurement . 



Accuracy . We used a micro- rule divided into increments of 0.025 mm (0.001 
in). This enabled the repetition of photographic measurements to within 0.05 
mm (0.002 in). Checks showed that on the photos we could measure a mile on the 
ground within ±0.9 m (3 ft). Most distances measured for determining recession 
(Figure 4, X or Y) were much less than 1.6 km (1 mi), allowing for greater 
accuracy . 

Bluff Line . Interpretation of the bluff line position is a possible 
source of error. The abrupt change in slope of the land, marked by a dark 
shadow on the photographs, is the bluff line identifier. When trees obscured 
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the bluff line, in about 20 percent of the cases, we took the bluff line to be 
33 percent of the tree's diameter inland. 

Long term measurements were subject to similar sources of error in 
placement of the bluff lines. The 1875 maps were quite detailed in that they 
showed field lines, buildings, and roads that could be matched with about 90 
percent of the 1974 photos. Where the 1875 maps indicated no bluff line, we 
assumed that the bluff generally paralleled the shore and was at the landward 
edge of the beach. The maps clearly indicated the latter. Therefore, the 1875 
bluff position is approximate; however, we assume that errors in its position 
are slight and random. 

Field Study . Time and the size of the area under study limited the field 
study. Hence, we gathered data in subcategories representing ranges of 
quantity for each parameter investigated. Since the primary purpose . of this 
study was investigation of historic rates of erosion rather than present 
parameters, this method proved adequate; it allowed for the maximum 
acquisition of data in a short time span. 

C hanges over Time . Physical conditions of the present are not necessarily 
those of the past. Natural and man-made changes may occur frequently at many 
stations. This is particularly the case for structures or materials placed to 
protect the shore from erosion. They may be absent or present for various 
lengths of time during the interval of measurement spanned by the two sets of 
photographs. The effects of these changes may be apparent and dramatic over 
short periods, yet they tend to average out over long periods along a given 
reach of coast. Taking this into consideration, we compared the long term 
recession rates with the present physiography. 



Lake Levels 

The approximate elevation of the water surface of Lake Ontario plays an 
important role in erosion of the bluffs. High water levels rapidly increase 
the rate of recession (Davis et al 1973). As lake level rises, beaches become 
inundated and narrower, allowing direct wave attack against the bluffs. The 
removal of beach sediment from the shore further decreases bluff protection. 
In areas along the south coast of Lake Ontario where bedrock is present, it is 
usually exposed less than 2 ra (6.5 ft) above the water surface. Therefore, 
rises in lake level allow waves to impact directly onto the more erodible 
tills and lacustrine deposits above the rock. 

The completion of the St. Lawrence Seaway in 195S (International Joint 
Commission 1972) made possible the regulation of the level of Lake Ontario. 
However, such regulation is only paritally effective in controlling water 
levels and their various changes. Variations in lake level occur on three time 
scales (Laidley 1962). 

(1) Short-term changes In water level from day to day. These are usually the 
result of weather conditions and prevailing winds. The magnitude and duration 
of such changes is dependent upon the velocity of the wind, the wind 
direction, and the length of the storm. The effects on erosion of the bluffs 
by short-term changes may be considerable (Fox and Davis 1973; Maresca 1974); 
however, these effects are impossible to relate to recession rate in our study 
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due to their relatively short duration. 



(2) Medium-term changes over the course of a year- These result from the 
continued cumulative effects of weather conditions within the Great Lakes 
basin. These changes in level may be drastic, depending on the inflow through 
the Niagara River, precipitation, local inflow, evaporation, and degree of 
winter ice retention. Extended periods of abnormally high precipitation have 
marked effects in higher lake levels. 

(3) Long-term changes over many years. Results of these changes would be those 
most detectable in this study. Such changes are due to variations in runoff 
and precipitation over several years. Figure 6 and Table 2 show mean annual 
lake levels for the time periods for which recession was measured in this 
study. 

Davis and associates (1973) discussed the cyclic fluctuations of the 
Great Lakes' water levels, indicating, a period of between 8 and 14 years. 
Using mathetical analysis, Cohn (1975) determined cycles of 8, 11, 12, and 36 
years . 



TABLE 2 



Mean lake levels of Lake Ontario for the various periods over which 
recession was measured in this study 



Time period 



Mean lake level 
(meters above mean 
sea level) 



Mean lake level 
( feet above mean 
sea level) 



1875-1974 
1938-1951 
1938-1954 
1938-1955 



74.58 
74.64 
74.72 
74.72 



244.69 
244.88 
245.15 
245.26 



Source: National Oceanic and Atmospheric Administration 1979 
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BLUFF RECESSION 3 Y COUNTY 



Niagara County 



Geography 

Location 

Niagara County extends eastward for 49.9 km (31 mi) along the coast of 
Lake Ontario from the Niagara River to a point just east of Thirtymile Point 
at Somerset (Figure 1). We determined recession rates at 75 sites in Niagara 
County as shown on Figures L-l through L-ll. 



Land Use 

The Niagara County coastline is primarily used for residential purposes 
(51.9 percent); agricultural and undeveloped lands account for 2 7.9 percent; 
parks and recreational areas, 19.6 percent; and industrial and commercial uses 
account for less than 1 percent of the land (US Army Corps of Engineers 1973). 
Two small boat harbors with jetties are located along the coast at Wilson and 
at Olcott. Four state parks are also within the region: Fort Niagara, Fourmile 
Creek, Wilson Tuscarora, and Golden Hill. 



Geology 

Bluffs 

The Niagara County coast is in the plain of what was Lake Iroquois during 
the glacial period. Except in areas of post-glacial stream dissection, the 
relief is less than 1 to 5 m (3 to 16 ft). Bluffs 4 to 15 to (13 to 49 ft) are 
continuous along the coast and are variably composed of red fine-grained 
sandstone of the Queenston formation sometimes covered with varying 
thicknesses of glaciolacus tr ine sand, silt, and clay from glacial Lake 
Iroquois. The longest exposed reach of bedrock along the Lake Ontario coast in 
New York lies in Niagara County beginning east of Olcott and reaching past 
Thirtymile Point when it rises to a maximum of 2.5 m or 8.2 ft (Leverett 1902; 
Kindle and Taylor 1913; Huller 197/a; Calkin, in preparation). The silt and 
clay content of the bluff materials increases and lacustrine deposits over the 
till become thicker west of Olcott. East of Olcott, glaciolacus trine deposits 
over the till are lass continuous and sand and gravel contents of the bluff 
oiaterial are higher (Figure 2). 



Beaches 



Beaches in Niagara County are discontinuous and 1 to 6 m (3 to 19 ft) 
wide. East of Olcott (site 56), beeches are usually located between higher 
exposures of bedrock. To the west of site 56, beaches are more continuous and 
wider. Most are found west (prevailing drift) of small creeks entering the 
lake and are composed of coarse cobbles. Sand beaches, particularly those held 
by groins, are common at Olcott and Fort Niagara; however, in general, 
sand-sized material (particularly fine sand) does net remain on beaches. 



Streams 

The major tributary in the county is the Niagara River. Most of the 
Niagara River's sediment load is carried vest (downdrift) off the coast or is 
deposited at its mouth (Sutton, Lewis, and Woodrow 1970; Pluhowski 1975). This 
is suggested by the scarcity of well-developed sandy beaches along the shore. 
Several other smaller streams enter the lake in Niagara County but most have 
insufficient discharge to carry appreciable amounts of sediment to the lake. 

Ne ar sho r e _ S lqjpe_s 

The slopes lakeward from the shoreline were determined at sites 1 through 
67. Slopes from sites 67 through 75 could not be measured because the maps 
compiled in 1951 showed no depth contours. Slopes ranged from 1.8 to 17.0 m/kra 
or 9.5 to 90 ft/mi (Table 3). The low slopes at the western end of the county 
are probably attributable to deltaic sedimentation at the mouth of the Niagara 
River (Sutton et al 1970; Pluhowski 1975). Steeper slopes occur from sites 52 
through 67 where bedrock crops out near lake level. 



Recession Rates 



Recessio n His tory 

We determined long- and short-term recession rates at the 75 sites 
indicated in Figures L-l through L-ll and Table 4. The data show that 52 
percent of the sites showed increased recession from the long terra to the 
short term; 13.3 percent showed a decrease; 28 percent remained the same; and 
6.7 percent could not be determined. The distribution of rates in each 
recesssion category is shown in Table 5. The maan recession rate for Niagara 
County from 1938 to 1951 was 0.79 m/yr (2.6 ft/yr). Long-term rates have a 
mean of 0.46 m/yr (1,5 ft/yr) and range from 0.C0 m/yr at site 58 to 1.28 m/yr 
(4.2 ft/yr) at sites 34 and 35 ( Figure^L-4) . Short-term losses in Niagara 
County amcunted to nearly 0.5 km 2 (0.2 mi --) of land while long-term losses 
amounted to approximately 2.3 km 2 (0.88 mi 2 ) from 1875 to 1974 over the 
county. 

Erosion losses appear to be episodic; large amounts of recession take 
place during relatively short periods of time. Major increases or decreases in 
rates of recession may be related to episodic causes such as lake level and 
climatic phenomena (Davis et al 1973; Maresca 1974). 
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TABLE 3 



Near-shore slopss: Niagara County 



e number" 


Slope ^ tc/ kin; 


Site number 


Slope m/ tan ; 


1 
1 


1 Q 

i. • 7 




ft 7 


9 




36 


8.5 


3 


1 8 


37 


8.8 


A 
*-r 


■L ■ 7 


38 


7.. 6 


-J 


? ft 


39 

J 7 


7 t 5 




7 ft 


40 


7 5 


7 




41 


7 3 


q 


"1 7 


/. 7 

4i 


0 . _) 




C s 


4 3 


A /l 


1 n 


/ . j 


44 


X c 

0 . !) 


11 


■7 r\ 
7 . 0 


45 


O .b 


i I 


b . y 


46 


£ £. 
O » 0 


13 


6,3 


47 


6.0 


1 /, 

14 


A ft 


4o 


5 . y 


1 c 
X j 


7 7 
I.I 


AO 

4y 


0 . J 


1 A 
ID 


ft A 
0 i D 




ft 0 


1 7 


7 f» 


i 1 


7 1 


1 ft 


7 A 


5? 
j& 


19 1 
iz » j 




7 Q 

» » * 


C7 
J-5 


11l 7 
14. / 


9fl 
ZU 


ft 9 


Si. 


1 1 i 


71 
£ i 


7 7 




1 3 Q 

1J.7 




ft 1 


DO 


ft fy. 


91 


ft ft 


17 


± Z , 1 




ft i 


1 ft 
JO 


17 /. 
1 J . 4 


i- 5 


o , o 


Z Q 

jy 


17.0 


it) 


a o 
o . 2 


60 


15.0 


27 


8.2 


61 


14. 7 


28 


8.1 


62 


11.4 


29 


8.2 


63 


12.9 


30 


7.9 


64 


13.4 


31 


7.5 


65 


13.2 


32 


7.4 


66 


13.4 


33 


6.7 


67 


14.7 


34 


6.3 







*Sites located on Figures L-l through L-ll 
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TABLE 4 



Recession rates: Niagara County 

Site Long-term Short-term Site Long-term Short- L term 

number recession recession number recession recession 

rate rate rate rate 

(1875-1974) (1938-1951) (1875-1974) (1938-1951) 



1 

1 




Very slow* 


2 


Slow* 


T T ______ C _ _ 4. -A* 

Very tast* 


3 


Slow 


Very fast 


4 


Slow 


Very slow 


5 


Slow 


Fast* 


6 


Moderate* 


Very fast 


7 


Moderate 


Very fast 


n 
O 


Moderate 


Very fast 


9 


Slow 


very last 


10 


Slow 


Very fast 


11 






12 


Moderate 


Very fast 


13 


Very slow 


Very fast 


14 


Slow 


Very slow 


15 


Slow 


Very fast 


16 


Very slow 


Moderate 


17 


Slow 


Fast 


18 


Very slew 


Moderate 


19 


Very slow 


Fast 


20 


Very slow 


blow 


21 


Slow 


Slow 


22 


TT 1 

Very slow 


Very slow 


2 J 


Very slow 


very si ow 


24 


Very slow 


Slow 


25 


Slow 


Fast 


26 


Slow 


Slow 


27 


Slow 


Moderate 


28 


Slow 


Fast 


29 


Slow 


Fast 


30 


Slow 


Very fast 


31 


Slow 


Very fast 


32 


Moderate 


Very fast 


33 


Moderate 


Very fast 


34 


Very fast 


Very fast 


35 


Very fast 


Very slow 


36 


Moderate 


Very fast 


37 


Moderate 


Very slow 



*Very slow=< 0.3 m/yr; slow=0.3-C 
fast=0.9-1.2 m/yr; very fast=>1.2 m/y 



1 o 

38 


Slow 


Very slow 


1 Q 


Moderate 


Very slow 


40 


Slow 


Slow 


A 1 
4 1 


DlOW 


b LOW 




Moderate 


Moderate 


A 1 


tast 


very siow 


A A 
4<+ 


Fast 


Very rase 




Moderate 


Moderate 


4b 


blow 


blow 


A 7 

4/ 


iiOW 


uOQc Late 


/, Q 

<+o 


blOW 


blow 


AG 


nuuerate 




ju 


C 1 rut 

b lOW 


lJ 1 OW 


C 1 

J I 


Gt All 


PIC Qci aLc 


52 


Slow 


bl OW 


JJ 


C J»VW 


rest- 


54 


Slow 


Very siow 




blow 


Ye r y slow 


56 


Very slow 


Very slow 


57 


Very slow 


Very slow 


58 


Very slow 


Very slow 




Very slow 


Very slow 


60 


Very slow 


Very slow 


01 


V^I ^ b 1UW 




62 


Very slow 


Fast 


63 


Slow 


Very Fast 


64 


Very slow 


Very slow 


65 


Very slow 


Slow 


66 


Very slow 


Slow 


67 


Slow 


Very fast 


68 


Slow 


Very fast 


69 


Very slow 


Moderate 


70 


Very slow 




71 


Very slow 




72 


Very slow 


Very slow 


73 


Very slow 


Slow 


74 


Very slow 


Moderate 


75 


Very Slow 





.6 m/yr; rooder at e=0 ■ 6-0 . 9 m/yr; 
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TABLE 5 



Distribution of Niagara County recession rates among the recession 
categories for the long and short term 



Recession Long-term Short-term 

category % of % of 

total sites total sites 



Very slow 


33.7 


26.7 


Slow 


42.7 


18.7 


Moderate 


16.0 


12.0 


Fast 


2. 7 


10.7 


Very fast 


2.7 


26.7 


Indeterminate 


2.7 


5.3 
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Recession rates are not uniformly distributed in the county, /but rather 
decrease from west to east along the coast. Highest recession occurs in the 
Wast Branch/Tweiveaile Creek, area. Erosion in this area has bean so severe 
(Figure 7) that the West Branch of Twelvemile Creek, which once entered Lake 
Ontario through Tuscarora Bay, has now been cut off (Fortune 1980). 

E rosion Volumes 

Material eroded from the bluffs is a significant source of sediment. 
However, little material from the bluffs, other than pebble to boulder sized 
rocks, appear to remain on the beaches (Fortune 1980). This helps explain the 
lack of well-formed beaches in. Niagara County (US Army Corps of Engineers 
1973). 

Detailed calculations of annual erosion volumes for Niagara County for 
the periods 1875 to 1974 and 1938 to 1951 are shown in Table 6. 

During the 13-year period, 1938 to 1951 (13.1 percent of the time), 22.5 
percent of the total erosion losses occurred. In many short reaches, 
particularly in high recession areas such as near sites 3, 10, 15, and 29, 
greater than 50 percent of the total losses occurred between 1938 and 1951. 



Interpretation of Recession 

Distribution of recession throughout the county may be related to a 
number of factors. Wast of site 52, bedrock is not exposed near the water 
line. Moreover, there is a general lack of vegetation on the bluff face as 
most bluffs are steep and between 75° and 90° in slope. We first find exposed 
bedrock in Niagara County just aast of Olcott near site 57; and bedrock 
exposures generally rise toward Thirtymile Point, site 75. Bluffs in the 
eastern parts of the county have lower slopes, greater vegetation, and bedrock 
toes, all of which help to explain the easterly decrease in recession rate. 
Between sites 57 and 75 recession episodes relate to periods of storminess, 
highwater levels, and high wa/es that increase erosion of the unconsolidated 
till and glaciolacus trine deposits above the bedrock. In addition, there are 
fewer protective structures in the western portion of the county, which must 
contribute to higher recession losses in these areas (US Army Corps of 
Engineers 1945, 1970). 



FIGURES L-1 to L-11 

LOCATION MAPS FOH 

NIAGARA COUNTY 



Scale on ail maps: 1:24,000 or 1 inch - 2000 ft. 



Indicates site and number where recession was 
measured. 



North is always at the top of the figure. 
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Figure L-l 
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